ABSTRACT The purpose of this study was to evaluate the effects of dietary n-3: n-6 fatty acid (FA) ratios and vitamin E (vitE) on the semen quality, FA composition, hormonal responses, and reproductive performance of aged roosters. Thirty-six Ross broiler breeder roosters were assigned to a 3 × 2 factorial design with 3 n-3: n-6 FA ratios (0.09, 0.16, and 0.23) based on the inclusion of 3 oil sources (canola, canola/fish, and fish) and 2 vitE levels (0 and 200 mg/kg). During the 60 d of treatment, semen parameters, FAs composition of sperm, lipid peroxidation, and hormonal responses were monitored. Reproductive performance using artificial insemination was also evaluated at the end of experiment (on day 60). Results showed that the 0.16 and 0.23 dietary ratios increased docosahexaenoic acid and n-3 polyunsaturated FA and decreased docosatetraenoic acid and arachidonic acid in rooster sperm (P < 0.05). The 0.16 dietary ratio supplemented with 200 mg vitE improved total sperm motility (P < 0.05) than the 0.09 and 0.23 ratios, both with and without vitE. Progressive motility, membrane functionality, and viability were significantly (P < 0.05) improved in the 0.16 and 0.23 ratios supplemented with vitE. The highest concentration of testosterone was observed in the roosters fed a diet ratio of 0.16 (P < 0.05). Compared with no supplementation of vitE, 200 mg/kg vitE reduced the lipid peroxidation of rooster sperm (P < 0.05). In the artificial insemination, the higher significant percentage of fertility rate (P = 0.02) was observed in the 0.16 ratio group that was supplemented with vitE compared to other groups. It can be concluded that supplementation of aged roosters' diet with 0.16 ratio of n-3: n-6 can be a beneficial strategy for improvement of their fertility.
INTRODUCTION
Roosters' reproductive performance is an important part of breeder production (Feng et al., 2015) because it plays a crucial role in the maximum production of fertilized eggs (Bramwell et al., 1996) . The gonadal functions including androgen secretion and sperm production decrease with age, especially from 45 wk onward (Avital-Cohen et al., 2013) . Therefore, efforts to improve or preserve the potential fertility of aged roosters positively affect the production of fertilized eggs that can increase the economic efficiency in commercial flocks (Akhlaghi et al., 2014a; Ansari et al., 2017) . Polyunsaturated fatty acids (PUFAs) play cru-cial roles in metabolism, endocrine, and plasma membrane fluidity in sperm, as well as in several functions related to fertilization events (Masoudi et al., 2016) . Due to the lack of appropriate fatty acid (FA) desaturase enzymes in the animal body, de novo synthesis of omega 3 PUFAs is impossible. Therefore, these PUFAs need to be added in the diet . Efficacy of adding omega 3 PUFA to the diets has been reported to improve sperm quality in bulls (Gholami et al., 2010) , rams Esmaeili et al., 2014) , boars (Estienne et al., 2008; Yeste et al., 2011; Liu et al., 2015) , and young breeder roosters (Feng et al., 2015) . However, other studies reported that omega 3 PUFAs is harmful or ineffective for reproductive performance in animals (Paulenz et al., 1995; Castellano et al., 2010) . It seems that these contradictory results are mostly attributed to the several factors such as age, breed, and components of diet, as well as the ratio of n-3: n-6 FAs in the diet (Paulenz et al., 1995; Mitre et al., 2004; Feng et al., 2015) . Therefore, further 4113 investigations need to be performed to show which n-3: n-6 ratio of FAs affect the reproductive potential of aged breeder roosters.
PUFAs are strongly susceptible to lipid peroxidation that induces the production of reactive oxygen species, resulting in damage to sperm function (Surai et al., 1998 (Surai et al., , 2000a Cerolini et al., 2000) . Unprotected PUFAs supplementation may cause the loss of sperm function and the endocrine system (Cerolini et al., 2005) , especially in the aged rooster (Akhlaghi et al., 2014b) . Vitamin E (vitE) is a lipid-soluble compound which has been added to the roosters diet to reduce the negative effects of lipid peroxidation caused by PUFAs supplementation (Cerolini et al., 2006; Al-Daraji et al., 2010) . The purpose of this study was to evaluate the effects of different ratios of dietary n-3: n-6 FA and vitE on the semen quality, FA composition, and reproductive performance of aged roosters. In addition, the cellular characteristics of sperm and reproductive hormonal profiles of aged rooster that were fed diets with different ratios of n-3: n-6 FAs were assessed because the related mechanisms are not completely understood.
MATERIALS AND METHODS

Chemicals
All chemicals used in this study were obtained from Sigma Co. (St. Louis, MO) and Merck (Darmstadt, Germany) unless otherwise indicated. Approval for the present study was given by the Research Ethics Committees of Tarbiat Modares University.
Roosters and Semen Collection
Thirty-six 45-wk-old Ross 308 breeder roosters were housed in individual cages in a controlled environment under similar conditions (15L: 9D light timetable at 21 to 23
• C). The basal diet in all experimental groups was a standard commercial mash for Ross broiler breeder roosters (Table 1) . Components and consumption of the diet were based on instructions from the Ross 308 parent stock catalog, and all diets were balanced to be isoenergetic and isonitrogenous. Ad libitum water was provided for roosters. Semen samples were collected from the roosters on days 0, 20, 40, and 60 of the experiment by the abdominal massage method for analysis (Burrows and Quinn, 1937) . Hormonal analysis of the roosters were performed at the first and last days of the experiment (days 0 and 60). Lipid peroxidation, FA analysis of sperm, and artificial insemination (AI) were performed at the end of experiment (day 60). A total of 120 breeder hens of the same strain which had not previous contact with the roosters (for 1 mo) were also used to provide data on fertility and hatchability assessment. To eliminate subfertility related to age of hens during AI, the highly productivity hens (45 wk old with 80% egg production) were candidates for AI. 
Experimental Design
The present study consisted of a 3 × 2 factorial arrangement in a randomized complete block design, with 6 replications of individual birds in each treatment. Thirty-six roosters were blocked according to semen quality score (sperm concentration × volume) of 2.33 ± 1.03 (mean ± SEM) into 6 groups (n = 6 birds/group) at the start of the feeding trial. The first factor was oil sources with 3 types of supplementations: 2% canola oil, 1% canola oil plus1% fish oil, and 2% fish oil for providing n3: n6 ratios of 0.09, 0.16, and 0.23, respectively. During the experimental period, roosters were fed their basal diet supplemented with 2% of each oil, or 2% of their mixture. The n-3: n-6 ratio of the 0.09 diet corresponded to the control diet. The n3: n6 ratios of the 0.16 and 0.23 diets were applied to assess our hypothesis that increasing the n-3: n-6 FA ratio in diets of aged roosters would improve semen quality. The FA analysis of fish and canola oil is presented in Table 2 .
The second factor was supplementation of vitE, either 0 or 200 mg/kg of the diet. The analog of vitE used in the study was acetated alpha-tocopherol (Roshd Company, Tehran, Iran). Roosters were categorized into 6 groups and fed according to the following experimental diets: 1) n-3: n-6 ratio of a 0.09 diet without vitE, 2) n-3: n-6 ratio of a 0.09 diet with 200 mg/kg vitE in the diet, 3) n-3: n-6 ratio of a 0.16 diet without vitE, 4) n-3: n-6 ratio of a 0.16 diet with 200 mg/kg vitE in the diet, 5) n-3: n-6 ratio of a 0.23 diet without vitE, and 6) n-3: n-6 ratio of a 0.23 diet with 200 mg/kg vitE in the diet. The FA compositions of the experimental diets are presented in Table 3 . 4 DHA is the docosahexaenoic acid (22:6 n-3). 5 PUFA is the sum of 18:2 n-6, 18:3 n-3, 20:4 n-6, 20:5 n-3, and 22:6 n-3.
Assessment of Semen Quality
The ejaculate from each rooster was individually evaluated. Semen volume was assessed in graduated collecting tubes. Sperm concentration was recorded after dilution of semen sample (1:200 with distilled water), and then a droplet of semen was placed on the Neubauer hemocytometer to determine the sperm concentration. Total and progressive motility of sperm were measured using Sperm Class Analysis software (SCA) . In brief, 8 μL sample of diluted semen with PBS (without calcium and magnesium, 1:10) was placed on the pre-warmed chamber slide (20 μm; Leja 4, Leja Products Luzernestraat B.V., Holland), and then total and progressive motility were measured. Eosin-nigrosin staining was used to determine the viability of sperm. For this purpose, smears were prepared on a warm slide and the stain was spread on a second slide. Viability was assessed by counting 200 sperms under phase-contrast at ×1,000 magnification. Sperm displaying partial or complete purple staining were considered nonviable; only sperm showing strict exclusion of the stain were counted as viable (Fattah et al., 2017) . For evaluation of abnormal morphology, 3 drops (10 μL) of semen were pipetted into 1 mL Hancock's solution (Schäfer and Holzmann, 2000) . Then, 10 μL of processed sperm was handled on a slide. The percentage of sperm abnormalities was recorded by counting a total of 300 sperm under a phase-contrast microscope (×1,000 magnification; immersion oil). Hypoosmotic swelling test was used to evaluate the plasma membrane functionality of the sperm (Revell and Mrode, 1994) . This assay was carried out by mixing 5 μL of semen with a 50 μL hypoosmotic solution (100 mum/L, 57.6 mM fructose, and 19.2 mM sodium citrate). After 20 min incubation, sperm were checked under a phase-contrast microscope (CKX41, Olympus, Tokyo, Japan) and 300 sperm with swollen and non-swollen tails were recorded. Malondialdehyde (MDA) concentrations, as indicator of lipid peroxidation (LPO) in semen, were measured using the thiobarbituric acid reaction (Esterbauer and Cheeseman, 1991) . Quantification of thiobarbituric acid reactive substances was performed by comparing the absorption with the standard curve of malondialdehyde equivalents generated by the acid catalyzed hydrolysis of 1,1,3,3-tetra-methoxypropane. Table 3 . Fatty acids composition of experimental diets (%).
Fatty acids
Basal diet n-3:n-6(0.09) n-3:n-6(0.16) n-3:n-6(0.23) 
Assessment of Reproductive Hormones
Blood samples were drawn from the brachial vein at days 0 and 60 of the experiment. Then, they were centrifuged at 3,000 rpm for 10 min at 4
• C to separate the plasma and stored at −20
• C for further assessment of reproductive hormones. Plasma concentrations of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) were measured using a chicken ELISA kit (Crystal Day, Shanghai, China), according to the manufacturer's instruction. All assays were performed in 96-well plates and absorbance was measured at 450 nm. For evaluation of testosterone, an ELISA kit (Monobind Inc., Costa Mesa, CA) was used. Intra-assay coefficients of variation and sensitivity of the testosterone assay were 6.08% and 0.0576 ng/mL, respectively.
Assessment of Sperm FA Analysis
Fatty acid analysis of sperm at the end of experiment was measured according to the method of Ommati et al. (2013) with a slight modification. Sperm suspension (500 μL) was centrifuged at 3,200 rpm for 10 min and washed in PBS. For extraction of lipid, chloroform methanol (2:1 vol/vol) was dissolved in a NaOHMeOH solution (2%), and methylated by boron trifluoride. Methylated FAs were separated by n-hexane and saturated NaCl solutions, and were then analyzed by gas chromatography (Unicam 4600, Cambridge, UK), using a BPX-70 column (0.25 mm i.d., 30 m, 0.25 μm film thickness; J & W Scientific, Folsom, CA) and a flame ionization detector (Unicam 4600, Cambridge, UK).
AI and Fertility Assessment
Artificial insemination was performed at the end of experiment according to the method of Akhlaghi et al. (2014b) with a slight modification. Semen obtained from 6 roosters in each treatment were pooled and then diluted in Lake buffer. Artificial insemination was performed at 15:00 pm on certain days, with insemination of pooled semen obtained from each treatment, on 20 individual hen for each treatment (120 hens total). The hens were inseminated (300 × 10 6 sperm/hen) for approximately 2 wk (2 times per week). The eggs were collected up to 5 d after the last AI and then they were numbered and stored at 13
• C and 75% humidity until they were incubated for fertility assessment and hatchability rates. In each group, 200 settable eggs were set (50 eggs in each weekly set) on turning trays and disinfected with formaldehyde for 15 min according to recommended concentration of 1.2 mL of formalin added to 0.6 g of potassium permanganate. Afterward, eggs were set in a common incubator (Victoria, G. Galilei, 3-22,070, Guanzate, Como, Italy) for 18 d at 37.7
• C. After day 18 of incubation, the eggs were transferred to the hatcher for the remaining 3 d of incubation. On the day 7 of incubation, the fertility rate was measured by candling the eggs. Hatching rate was calculated after 21 d of incubation based on the number of fertilized eggs.
Statistical Analysis
All data are presented as least squares means ± SEM. Each individual rooster was considered as an experimental unit in all statistical analyses. Before analysis, the data were tested for normality using the Shapiro-Wilk test with a univariate procedure of SAS 9.1 (SAS Institute Inc., Cary, NC). Single and repeatedmeasurement data were analyzed by PROC GLM and PROC MIXED, respectively. When significant treatment differences were detected, LSMEANS was used to compare individual least-squares means with Tukey's test. Effects of treatments on fertility and hatchability were analyzed using Chi square test with the frequency procedure of SAS. In all statistical analyses, the significance level was set at P < 0.05.
RESULTS
Semen Quality Parameters
Dietary n-3: n-6 ratio with or without vitE had no significant effects on semen volume, sperm concentration, and morphology on any day they were measured (P > 0.05, Tables 4 and 5). There was no significant difference in all sperm parameters on days 0 and 20 (P > 0.05, Tables 4 and 5). However, at days 40 and 60, some of sperm parameters were affected by the n-3: n-6 ratios with or without vitE. At day 60, a diet ratio of 0.16 along with 200 mg vitE resulted in a significantly higher percentage of total motility (P < 0.0001) than diet ratios of 0.09 and 0.23 with and without vitE. Also on this day, diet ratios of 0.16 and 0.23 supplemented with 200 mg vitE significantly increased the percentage of progressive motility compare to other groups (P = 0.001). The percentage of sperm with plasma membrane functionality was affected by n-3: n-6 ratios at days 40 and 60, and throughout the length of the experiment (P < 0.05). At day 40, the higher percentage of plasma membrane functionality was observed in the roosters whose diet ratios were 0.16 and 0.23 supplemented with vitE (P = 0.0002) compared to other treatments. At day 60, this parameter was significantly improved only in the 0.16 ratio supplemented with vitE (P < 0.0001). For viability of sperm, at day 60, providing the ratios of 0.16 and 0.23 supplemented with 200 mg vitE significantly increased the percentage of viability (P < 0.0001) compared to other treatments. This pattern was also observed throughout the experiment (P < 0.0001). VitE significantly reduced the concentration of MDA in the ratios of 0.09, 0.16, and 0.23 when they compared to these ratios without vitE (P = 0.008). 
Vitamin E (0 mg/kg) Vitamin E (200 mg/kg) Item n-3:n-6(0.09) n-3:n-6(0.16) n-3:n-6(0.23) n-3:n-6(0.09) n-3:n-6(0.16) n-3:n-6(0. The birds received 3 types of diets providing n3-n6 dietary ratios of 0.09, 0.16, and 0.23 supplemented with vitamin E, either 0 or 200 mg/kg of the diets. Data are presented as means ± SEM (n = 6 birds per each treatment).
a-c Different letters within the same row show significant differences among the groups (P < 0.05).
Hormonal Parameters
Hormonal concentrations of roosters were not significantly different at day 0 (P > 0.05, Table 6 ). At day 60, a significantly higher concentration of testosterone was observed in roosters fed the 0.16 ratio diet supplemented with 200 mg vitE (P = 0.02) compared to other groups. There was no significant difference in testosterone concentration among diets with ratios of 0.09 and 0.23, with or without vitE (P > 0.05). The concentration of LH and FSH were not significantly affected by the different diets at day 60 (P > 0.05). Table 7 shows the FA composition of sperm in roosters fed diets with different ratios of n-3: n-6 at day 60. There was no significant difference in the effects of vitE on the FA composition of rooster sperm (P > 0.05). Therefore, the data were pooled among vitE levels, and vitE was excluded from the final model. Afterward, the data revealed that FA composition of the rooster sperm was significantly changed at day 60 under different ratios of n-3: n-6. Supplying diet ratios of 0.16 and 0.23 significantly increased the docosahexaenoic acid (DHA, P = 0.003) and total omega3 FAs (P = 0.0007) compared to the 0.09 ratio. Furthermore, concentrations of docosatetraenoic acid (DTA, P = 0.04) and arachidonic acid (P = 0.009) were significantly reduced in the 0.16 and 0.23 ratios compared to the 0.09 ratio.
Fatty Acid Composition of Sperm
Reproductive Performance
Fertility rate was affected by the different ratios of n-3: n-6 (P = 0.02, Table 8 ). Fertility rate was significantly improved in aged roosters fed the diet ratio of 0.16 supplemented with 200 mg vitE compared to the other groups (P = 0.02). The percentage of hatching rate based on number of fertilized eggs were not significantly affected by the different diets (P = 0.67).
DISCUSSION
This study was performed on aged roosters (45 wk and older) in which the semen quality and reproductive performance was diminishing. Therefore, it is worthwhile to improve the fertility potential of senescent roosters with a nutritional approach that enforces physiological pathways. This is the first study reporting the effects of different dietary n-3: n-6 ratios with and without vitE on several parameters related to reproductive performance. In this study, semen volume, sperm concentration, and morphology of sperm were not affected by the dietary n-3: n-6 ratio. This may be attributable to the age of roosters in this study (45 to 60 wk), as the birds aged during the experiment. This Table 5 . Mean of semen parameters (part 2) from rooster fed diets with different n-3: n-6 ratios and different levels of vitamin E.
a-c Different letters within the same row show significant differences among the groups (P < 0.05). Membrane integrity (hypoosmotic swelling test), morphology (Hancock solution), viability (eosin-nigrosin), and lipid peroxidation (thiobarbituric acid) were assessed. MDA is abbreviation of malondialdehyde as index of lipid peroxidation. Table 6 . Hormonal profiles of rooster fed diets with different n-3: n-6 ratios and different levels of vitamin E.
a,b Different letters within the same row show significant differences among the groups (P < 0.05). Hormonal assessments were performed at the 0 and 60 d of experiment. LH is the luteinizing hormone (ng/L). FSH is the follicle stimulating hormone (IUI/L).
finding implies that the decrease in sperm concentration in aged birds could not be reversed by dietary PUFAs (Akhlaghi et al., 2014b) . Other reproductive variables including motility, viability, and membrane integrity of sperm, testosterone, and fertility were considerably improved after supplementation of the diets with the ratio of 0.16. This is in agreement with research conducted in the boar, ram, bull, and young rooster, in which diets with n-3: n-6 ratios ranging from 0.2 to 0.5 improved the semen quality and reproductive performance (Nasiri et al., 2012; Feng et al., 2015; Liu et al., 2015; Masoudi et al., 2016) . Contradictory findings have been observed for the effects of n-3 FA supplementation on male reproduction in different species (Paulenz et al., 1995; Mitre et al., 2004; Feng et al., 2015) . It has been suggested that age, breed, basal diet, and breeding conditions can influence the efficacy of dietary n-3 on reproductive performance (Rooke et al., 2001; Cerolini et al., 2006; Bongalhardo et al., 2009 ). In the present study, improvements in semen quality and reproductive performance in Ross broiler breeder roosters are in agreement with results of a study using PUFA in young Jing Hong Table 7 . Fatty acids composition of sperm of rooster fed diets with the different ratios of n-3: n-6 at day of 60.
Fatty acids n-3:n-6(0.09) n-3:n-6(0.16) n-3:n-6(0.23) SEM P-value Table 8 . Fertility and hatchability rate of rooster fed diets with different n-3: n-6 ratios and different levels of vitamin E.
Vitamin E (0 mg/kg) Vitamin E (200 mg/kg) Variable n-3:n-6(0.09) n-3:n-6(0.16) n-3:n-6(0.23) n-3:n-6(0.09) n-3:n-6(0.16) n-3:n-6(0. The birds received 3 types of diets providing n3-n6 dietary ratios of 0.09, 0.16, and 0.23 supplemented with vitamin E, either 0 or 200 mg/kg of the diets. Fertility and hatchability were analyzed using Chi square. Hatching rate was calculated after 21 d of incubation based on the number of fertilized eggs. Different letters within the same row show significant differences among the groups (P < 0.05).
Number of eggs: 200 per group, number of hens: 20 per group. a-c Different letters within the same row show significant differences among the groups (P < 0.05).
breeder roosters (Feng et al., 2015) . Similarly, our results agree with those of Liu et al. (2015) , who reported that diet with a ratio of 0.15 n-3: n-6 leads to improved reproductive performance. However, Kelso et al. (1997) reported that PUFAs supplementation had no effects on sperm parameters. These studies show that there are insufficient data to define the optimum ratio of PUFAs in breeder roosters, especially in aged ones. It is generally known that n-3: n-6 ratio in breeder roosters practical diets is not high, and supplementation of the diet with n-3 PUFAs increases DHA and other n-3 FAs in sperm, resulting in higher motility and viability of sperm, as evident in the present study (Cerolini et al., 2003) . A positive correlation has been reported between DHA in the sperm membrane and motility of sperm in humans (Nissen and Kreysel, 1983), boars (Am-In et al., 2011) , bulls (Gholami et al., 2010) , stallions (Brinsko et al., 2005) , and rams . Results from our study show that ratios of 0.16 and 0.23 increased the DHA of sperm plasma membrane while reducing the DTA and arachidonic content. However, the high quality of semen and reproduction performance is observed only in the diet with a ratio of 0.16 that can be related to higher membrane fluidity and flexibility in this ratio . Our hypothesis is that a 0.16 ratio diet improves sperm motility, viability, and membrane integrity by incorporating DHA into the sperm plasma membrane because the DHA acyl-chain in phospholipid bilayers of sperm increases flexibility, compressibility, deformability, and elasticity to increase membrane fluidity (Ladha, 1998) . It should also be noted that the excessive increase in membrane fluidity (ratio of 0.23) may derange the plasma membrane, resulting in reduced performance of sperm cell signal transduction ) that can be a reason for lower quality of semen and reproductive performance in the ratio of 0.23. Similarly, the studies of boars (Mitre et al., 2004) , rabbits (Mourvaki et al., 2010) , and roosters (Zanini et al., 2003) found that inclusion of n-3 PUFAs in the diets increased the content of DHA, and consequently membrane integrity in sperm. Although PUFAs supplementation alters the FA composition of sperm and may improve membrane flexibility, these PUFAs are exposed to attack of reactive oxygen species (Alvarez and Storey, 1995) , which will make the sperm membrane susceptible to LPO and ultimately result in damage to the sperm membrane and reduce motility (Emamverdi et al., 2015) . Diets with vitE showed a lower MDA as indicator of LPO than diets without vitE, suggesting that PUFAs without any protection resulted in cellular damages in sperm caused by increasing lipid oxidation susceptibility. It has been suggested that PUFAs oxidation can be inhibited by enzymatic and non-enzymatic antioxidants (Najafi et al., 2014; Sharafi et al., 2015) . We selected vitE because it is one of the main sperm antioxidants which was detected abundantly in sperm membrane (Suleiman et al., 1996; Surai et al., 2000b) , and it protects sperm cells from oxidative damage (Rooke et al., 2001 ). Our results suggest that maintaining the antioxidant status of the plasma membrane increase sperm motility and viability. Moreover, our findings show that dietary supplementation of vitE prevented the occurrence or progression of lipid peroxidation of sperm. Twenty-carbon PUFAs are the direct precursors of a large group of physiologically active compounds which have very important roles in reproduction (Needleman et al., 1986) . In roosters, the hypothalamus secretes gonadotropin-releasing hormone (GnRH), which binds to GnRH receptors to stimulate the release of FSH and LH into the circulation. LH induces the interstitial cells in the testis to produce testosterone, and FSH plays a crucial role in spermatogenesis (Sturkie, 2012) . Our data show that LH and FSH were not affected by the diets, while an increase was observed in the concentration of testosterone in the roosters fed a diet ratio of 0.16. This finding is not in agreement with Feng et al. (2015) , who reported that diets supplemented with PUFAs increased GnRH pulse frequency in young breeder roosters (Feng et al., 2015) . Moreover, they reported that LH, FSH, and testosterone increased in the young broiler roosters when PUFAs included to the diets of roosters. Although LH and FSH were not affected by PUFAs in our study, the final harvest of the hypothalamus-hypothesis axis (testosterone) increased, which is in agreement with the study reported above. Reason for the lack of increasing in LH and FSH is not specified, but probably the age of broiler roosters and the time of sampling had some effects on our results.
After several assessments of sperm and hormonal profiles of roosters, we performed AI to assess reproductive performance that concurred with the data related to sperm and hormonal parameters obtained in this study. This is in agreement with Akhlaghi et al. (2014b) , who reported that there is a high correlation between sperm parameters and in vivo fertility potential in avian. Also, there is an association between the n-3: n-6 ratio and the fertility rate (Abayasekara and Wathes, 1999) . According to sperm parameters in this study, we expected that dietary inclusion of n-3 PUFA (ratio 0.16) in sperm cells (especially C20:4n-6 and C22:4n-6) would improve the fertility rate of roosters. Our data in this part show that the higher proportion of PUFAs (especially DHA) in rooster sperm may have contributed to their higher fertility rate following AI. However, further studies are needed to clarify the mechanisms by which PUFAs positively influenced the reproductive performance of aged roosters.
CONCLUSION
It can be concluded that modification of the FA profiles of rooster sperm with a nutritional approach may improve the reproductive performance of broiler breeder roosters. Dietary inclusion of n-3: n-6 PUFAs in a ratio of 0.16 is the optimum concentration for aged roosters, and improve the semen quality and reproductive performance, while a ratio more than 0.16 may increase the susceptibility of sperm to lipid peroxidation and reduce the reproductive outcome. Dietary vitE supplementation is effective in improving sperm motility by enhancing antioxidant status. Appropriate dietary n3: n6 ratios and vitamin E levels should be investigated in future studies.
